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1. Introduction
In the last RAN4 meeting, some documents discussed the UE behaviour on measurement gap[1][2][3][4]. It seems that the beginning and end of measurement gaps are not defined clearly in the current specification, especially in the cases of multi-TAG and different downlink-uplink subframe configuration on different CA carriers for TDD. It is necessary to further discuss and clarify begin and end of measurement gap. This document discusses this issue, and gives our proposals. 
2. Discussion
Measurement gap is used by UE to measure inter frequency or inter RAT system. The length of measurement gap is required no shorter than 6ms to assure measurement being reliable and steady. During the measurement gaps, the UE shall not transmit any data, and is not required to receive any data from serving cell.

2.1
Beginning and End of Measurement GAP up to Rel-10
For release 8/9 network，UE works only one carrier.
For FDD, the beginning of measurement gap is always at the end of downlink subframe occurring immediately before the measurement gap. Due to transmit advance of uplink subframe, the E-UTRA FDD UE shall not transmit any data in the uplink subframe occurring immediately after the measurement gap to assure 6ms length. It is shown in figure 1.
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Figure 1. Beginning and end of measurement gap on FDD carrier.
For TDD, uplink subframes and downlink subframes exist on the same carrier and separated on time domain. The subframe occurring immediately before measurement gap may be either a downlink subframe or uplink subframe. According to different subframe directions before and after measurement gap, four cases shown in Figure 2 could be classified.
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Figure 2. Beginning and end of TDD measurement GAP

When the subframe before measurement is a downlink subframe, it is similar to FDD. Beginning of measurement gap is always at end of downlink subframe occurring immediately before the measurement gap.

When the subframe before measurement is an uplink subframe, beginning of measurement gap should be defined at the end of the uplink subframe occurring immediately before the measurement gap due to there is no downlink subframe used as a reference occurring immediately before the measurement gap. It is not reasonable using other downlink subframes as reference not occurring immediately before the measurement gap.
It is noted that the special subframe of TDD should be regarded as an uplink subframe if it is occurring immediately before measurement gap, and as downlink subframe if it is occurring immediately after measurement gap. 

Although carrier aggregation had been introduced in release 10, only one TAG is defined. Timing is the same between aggregated carriers. The beginning of measurement gap could still be applied. So we can clarify that beginning of measurement gap as: 
Beginning of measurement gap is defined as the end of downlink subframes occurring immediately before the measurement gap. If it is uplink subframe occurring immediately before the measurement gap for TDD, beginning of measurement gap could be defined as the end of the uplink subframe.
The end of measurement gap need not to be clarified because the 6ms length of measurement gap is defined in specification.

2.2
Beginning and end of measurement GAP in Rel-11
Multi TAG and different uplink-downlink subframe configuration between carriers for TDD has been introduced in release 11. In these cases, the subframe timing on each carrier will be different. In this case, beginning of measurement gap should reference the end of subframe on the latest carrier. So, beginning of measurement gap could be modified in Rel-11 as:
Beginning of measurement gap is defined as the end of downlink subframes on the latest aggregated carrier occurring immediately before the measurement gap. If it is uplink subframe occurring immediately before the measurement gap for TDD, beginning of measurement gap could be defined as the end of the uplink subframe on the latest aggregated carrier.

3. Conclusion
The document discussed possible clarification regarding the beginning of measurement gap The following proposal is given:

Proposal: Add clarification of the beginning of measurement gap into the specification.
A possible definition could be:
For Rel-8/9/10:

Beginning of measurement gap is defined as the end of downlink subframes occurring immediately before the measurement gap. If it is uplink subframe occurring immediately before the measurement gap for TDD, beginning of measurement gap could be defined as the end of the uplink subframe.
For Rel-11:
Beginning of measurement gap is defined as the end of downlink subframes on the latest aggregated carrier occurring immediately before the measurement gap. If it is uplink subframe occurring immediately before the measurement gap for TDD, beginning of measurement gap could be defined as the end of the uplink subframe on the latest aggregated carrier.

4. Reference
[1]
R4-131343, Discussion on issue of CA measurement GAP for Rel-11, CATT
[2]
R4-131129,  Discussion on UL transmission after measurement gap, Huawei, HiSilicon
[3]
R4-131376, Detailed definition of Begin/End of Measurement gaps, Samsung
[4]
R4-131584, UE Behaviour for Transmission after Measurement Gaps in TDD, Ericsson, ST-Ericsson
[5]
3GPP TS36.133 v11.4.0, Requirements for support of radio resource management
























































































































































































































































































































































































































































































































Page 1

_1429341218.vsd
DL Carrier


↓


↓


↓


↓


↓


↓


↓


↓


UL Carrier


6ms Measurement GAP


↑


TA


↑


↑


↑


↑


↑


↑


↑


↑


Begin


End



_1429357540.vsd
Case 2:


↓


n.a.


n.a.


n.a.


n.a.


n.a.


n.a.


Case 3:


n.a.


↓


n.a.


n.a.


n.a.


n.a.


n.a.


↓


↑


n.a.


n.a.


n.a.


n.a.


n.a.


n.a.


Case 4:


↑


6ms Measurement GAP


Begin


End


Case 1:


6ms Measurement GAP


TA


↑


n.a.


n.a.


n.a.


n.a.


n.a.


n.a.


↑


Begin


End


↓



